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work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of NASA: 
A.) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or‘ usefulness of the information contained in this 
report, or that the use of any information, apparatus, 
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infringe privately owned rights; or 
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or for damages resulting from the use of any infor- 
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FOREWORD 
The work descr ibed he re in  is  sponsored by t h e  Nat iona l  Aeronaut ics  and 
Space Adminis t ra t ion under Contract  NAS 3-6474. For t h i s  program, 
M r .  R. L. Davies i s  t h e  NASA Project Manager. 
The program is being administered f o r  t he  General Electr ic  Company by 
D r .  J .  W .  Semmel, Jr., and E.  E.  Hoffman, i s  a c t i n g  as t h e  Program Manager. 
J .  Holowach, t h e  P r o j e c t  Engineer, i s  respons ib le  for  t h e  loop design,  
f a c i l i t i e s ,  procurement, a n d  test opera t ions .  R. W. Harr ison,  t he  P r o j e c t  
M e t a l l u r g i s t ,  is  respons ib le  f o r  t h e  materials procurement, u t i l i z a t i o n ,  
and eva lua t ion  a spec t s  of t h e  program. Personnel  making major con t r ibu t ions  
t o  t h e  program dur ing  t h e  cu r ren t  r epor t ing  period include:  
A l k a l i  Metal P u r i f i c a t i o n  and Handling - D r .  R. B. Hand, L. E. Dotson 
and J .  R. Reeves. 
Welding and Jo in ing  - W. R. Young and S. R. Thompson. 
Ref rac tory  A l l o y  Procurement - R. G. Frank and L. B. Engel. 
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ADVANCED REFRACTORY ALmY CORROSION Lx)(IP PROGRAM 
I 
I. INTRODUCTION 
This  r epor t  covers t h e  per iod from January 15, 1966 to  A p r i l  15, 1966 
of a program t o  f a b r i c a t e ,  ope ra t e  f o r  10,000 hours, and eva lua te  a potassium 
cor ros ion  test loop constructed of T-111 (Ta-8W-2Hf) a l l o y .  Materials f o r  
eva lua t ion  i n  t h e  tu rb ine  s imula tor  include Mo-TZC and Cb-132M. The loop 
des ign  w i l l  be similar t o  the  Prototype Loop; a two-phase, forced  convection, 
potassium cor ros ion  test loop which i s  being developed under Contract  NAS 
3-2547. Lithium w i l l  be heated by d i r e c t  r e s i s t a n c e  i n  a primary loop. Heat 
r e j e c t i o n  f o r  condensation i n  t h e  secondary loop w i l l  be accomplished by 
r a d i a t i o n  i n  a high vacuum environment to  the  water cooled chamber. The 
compa t ib i l i t y  of t h e  se l ec t ed  ma te r i a l s  w i l l  be evaluated a t  condi t ions  repre-  
s e n t a t i v e  of space e l e c t r i c  power system opera t ing  condi t ions ,  namely: 
a. Boi l ing  temperature ,  2050°F 
b. Superheat temperature,  2150'F 
c. Condensing temperature ,  1400'F 
d .  Subcooling temperature,  lOOO'F 
e. Mass flow rate, 40 lb /hr  
f .  Bo i l e r  e x i t  vapor v e l o c i t y ,  50 f t / s e c  
g. Average hea t  f l u x  i n  plug (0-18 inches) ,  240,000 BTU/hr f t  







During the  f o u r t h  q u a r t e r  of the  program, work proceeded on t h e  t o p i c s  
abs t r ac t ed  below: 
S i g n i f i c a n t  e f f o r t  w a s  made i n  the  pas t  q u a r t e r  i n  monitoring t h e  
f a b r i c a t i o n  of t h e  advanced r e f r a c t o r y  a l loys.  Poor y i e l d s  i n  t h e  f a b r i c a -  
t i o n  of t h e  T-111 a l l o y  have necessitated t h e  mel t ing  of t w o  a d d i t i o n a l  
ingots .  The processing of t h e s e  ingots  is  being e x p e d i t e d  t o  minimize t h e  
d e l a y  t o  t h e  program. 
Twenty-nine pounds of l i t h ium were t r a n s f e r r e d  t o  t h e  ho t  t r a p .  Analyses 
of t h i s  l i t h i u m  a f t e r  126 hours  of hot t r app ing  a t  1500'F ind ica t ed  an average 
n i t rogen  concent ra t ion  of less than 8 ppm. 
The completed A l k a l i  Metal P u r i f i c a t i o n  and Handling System drawings have 
been submitted t o  t h e  NASA Program Manager for approval.  
The r e s u l t s  of a s t u d y  t o  determine s u i t a b l e  welding condi t ions  and 
post-weld anneal ing t reatment  f o r  welds between Cb-1Zr a l l o y  and T-111 a l l o y  
shee t  have ind ica ted  t h a t  t h e  proposed j o i n t s  between t h e  Cb-1Zr surge tanks  
and T-111 f i l l  l i n e s  of Corrosion Loop I (T-111) may be produced wi th  manual 
T I G  welding p r a c t i c e s ,  i f  Cb-1Zr f i l l e r  material and 2300-2400°F post-weld 
annea l ing  t rea tments  are used. 
-2- 
I -  
111. PMGRAM STATUS 
A. MATERIALS PROCURGMENT 
1. T-111 Alloy - Fansteel Metallurgical Corporation. T-111 alloy rods 
measuring 2-1/4-inch diameter and 3-3/4-inch diameter were salvaged from the 
first two T-111 alloy ingots (Fansteel ingots No. 111-D-1632 and No. 111-D-1633) 
which cracked during extrusion. The 2-1/4-inch diameter material has been 
processed into 1/8-inch to l-l/a-inch diameter r o d s  and 0.062- and 0.094-inch 
diameter wire; the 3-3/4-inch diameter material has been processed into 0.005- 
and 0.009-inch thick foil, 0.040-inch thick sheet, and 0.500-inch thick plate. 
Processing temperatures were less than 800'F. All of these products except 
the l-l/a-inch diameter rod were given a final anneal of (1475OC) 2687'F for 
one hour; the l-l/Z-inch diameter rod was annealed at (1475OC) 2687'F for two 
hours. 
Quality assurance testing of 0.005- and 0.009-inch thick foil and the 
0.062-, 0.094-, and 1/8-inch diameter wire was completed at Fansteel 
Metallurgical Corporation, and the material was received the week of March 6, 
1966. Quality assurance testing of the 0.040-inch thick sheet, 0.500-inch 
thick plate and the 1/4-inch to 1-1/2-inch diameter rods also was completed 
at Fansteel Metallurgical Corporation, and the material was received the week 
of April 10, 1966. 
The chemical analyses of the arc-cast ingots, No. 111-D-1632 and No. 111- 
D-1633, and their extruded bars are shown in Table I; chemical analyses of 
finished products are shown in Table 11. 
ties, stress-rupture properties, grain size, and hardness data for the 0.040- 
inch thick sheet, 0.500-inch thick plate, and 1/4-inch to l-l/Z-inch diameter 
rods  are presented in Table 111. 
the products after final annealing revealed them to be luu% recrysxaiiiaeci. 
The room temperature tensile proper- 
Fansteel's metallographic examination of all 
An investigation to delineate the possible cause of the cracking in the 
first two T-111 alloy extrusions continued. A Rockwell hardness survey across 
a transverse slice from one of the first 5-1/8-inch diameter T-111 alloy 
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TABLE 11. CHEMICAL ANALYSES(1) OF "-111 ALmY MILL PRODUCTS 
FROM INGOTS NO. 111-D-1632 AND NO. 111-D-1633 
Ingot No. 
Mill Product 
Form Size - -
Chemical Analysis, ppm 
C -H - N - 0 - 
111-D-1632 Plate 0.500-inch thick (10 20 9 10 
Foil 0.005-inch thick 41 20 5 12 
Sheet 0.040-inch thick 34 17 5 14 
1 11 -D- 163 3 1.5 -inch dia. to be determined Rod 
Rod 1.0 -inch dia. 11 24 1 9 
0.500-inch dia. 30 20 (1 17 
0.250-inch dia. 15 23 <1 13 
Rod 
Rod 
Wire 0.125-inch d ia. 69 21 <1 33 
Wire 0.094-inch dia. 111 20 <1 43 
Wire 0.62. -inch dia. 110 22 1 42 
Analyses performed by Fansteel. 
-5- 
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I .  
v a r i a t i o n  across the  b i l l e t  and t h e  average hardness w a s  found t o  be 61 Ra. 
Subsequently, t h e  t r ansve r se  s l i c e  from t h e  e x t r u s i o n  w a s  sec t ioned ,  as shown 
i n  Figure 1, t o  prepare specimens f o r  metal lographic  examination and chemical 
a n a l y s i s .  Samples were obtained from t h e  c e n t e r  and from t h e  edge of t h e  
ex t rus ion .  The metal lographic  examination has been completed and representa-  
t i v e  photomicrographs of t h e  ex t rus ion  are shown i n  F igures  2 and 3. No 
major amount of p r e c i p i t a t e  o r  second phases were observed at any of t h e  
l o c a t i o n s  examined. 
Chemical ana lyses  r e s u l t s  of the  s l ice  a r e  shown i n  Table I V .  Based on 
t h e  chemical ana lyses  of t h e  one cross s e c t i o n  of the ex t rus ion ,  t h e  ingot  
appeared t o  be reasonably homogeneous. The r e s u l t s  of chemical a n a l y s i s  do 
not  i n d i c a t e  any obvious concent ra t ions  t h a t  might c o n t r i b u t e  t o  observed 
cracking. 
T r i a l  forg ings  of po r t ions  of the  t h i r d  T-111 a l l o y  ex t rus ion  (No. 1 l l - D -  
1670), which were conducted a t  Anderson-Schumaker, Chicago, I l l i n o i s ,  and 
Westinghouse Electr ic  Corporation, Mater ia l s  Manufacturing Div is ion ,  
B l a i r s v i l l e ,  Pennsylvania,  w e r e  unsuccessful  due t o  c e n t e r  c racking  of t h e  
b i l l e t s .  The tr ial  forg ing  t h a t  w a s  at tempted at Anderson-Schumaker u t i l i z e d  
a 6,000-pound hammer, f l a t  d i e s  and an i n i t i a l  b i l l e t  temperature  of 2300'F. 
The b i l l e t  w a s  heated i n  a i r  without a p r o t e c t i v e  coa t ing .  I n  an at tempt  t o  
work t h e  c e n t e r  of t h e  b i l l e t  more ex tens ive ly ,  t h e  tr ial  fo rg ing  conducted 
at Westinghouse u t i l i z e d  a 1,000-ton press .  The d i e s  cons is ted  of a f l a t  t o p  
d i e  and a closed bottom d i e .  
temperature  i n  an Inconel  r e t o r t  conta in ing  flowing argon gas. I n  t h e  la t ter  
case, t h e  c e n t e r  c racking  w a s  confined t o  t h e  ends. A f t e r  condi t ion ing  t o  
remove any contamination r e s u l t i n g  from the  previous fo rg ing  opera t ion ,  t h i s  
b i l l e t  w a s  heated t o  1700'F i n  an air  furnace  and rod r o l l e d  t o  2.1-inch 
Z:z;;;,at~;- ;it=c;t. y ~ % ~ t ~ ~ g .  %?!?seqi:Fn+ly; two 4.5-inch diameter b i l l e t s  were 
rol led i n  a similar manner t o  3-1/8-inch diameter  t o  be u t i l i z e d  f o r  t h e  pro- 
duc t ion  of  3/8'inch OD and one-inch OD tubing.  
The b i l l e t  w a s  heated t o  t h e  2300'F forg ing  
The t w o  3-1/8-inch d i a m e t e r  rods were machined i n t o  2.93-inch d i a m e t e r  
x 9-inch long b i l l e t s  and shipped t o  Wolverine Tube Div is ion  of Calumet-Hecla. 
-7- 
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(a) Longitudinal Section 
(b) Transverse Section 
CiO60-2 
Figure 2. The hlicrostructure of the Center of the Transverse 
Slice from the T-111 Alloy Extrusion-Fansteel Heat 
XO. 111-D-1632. 
Etchant: 30HC1, 30HF, 15HN03 (a) B170511 












- -  t ab_ 
Cen t e r  of E x t r u s i  .on 
F igu re  3 Micros 
Etchan 
Magnif 
~~ _ _ _ _ _ _ _ ~ ~ ~  ~~ 
(b)  Per iphery  of Ext 
t r u c t u r e s  of Transverse  S e c t i o n s  fr 
t: E l e c t r o l y t i c a l l y  Anodized 
icat  ion: l O O X  
usion Away f r o m  a Crack 
t h e  T-111 Ex t rus ion -Fans tee l  H e a t  No. 111-D-1632. 
(a) B170413 
(b) B170213 
(c )  B1706111 
ClO68-3 
TABLE IV. CHEMICAL ANALYSES OF CRACKED T-111 ALUlY 
-USION-FANSTEEL INGOT NO. 111-D-1632 
Chemical Analyses 
































Near Crack Center 
6.97% 
(1) Wet analysis (Ledoux & Co. Inc., Teaneck, N.J.) 
(2) Conductometric 
(3) Vacuum fusion 
(4) Spectrographic (semi-quantitative) 
(5) Colormetric (Ledoux & Co. Inc., Teaneck, N.J.) 
(6) Trace amount (< 500 ppm) 
(7) <SO ppm 
NOTE: Semi-quantitative spectrographic analyses revealed no difference 
in concentration of those elements that were detected between the 
center and edge of the extrusion. 
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Subsequently, t h e  b i l l e t s  were d r i l l e d  t o  make tube hollows. During t h e  
r epor t  i n t e r im ,  f i v e  hollows w e r e  extruded i n t o  tube blanks us ing  procedures 
developed a t  Wolverine. The processing procedures are considered p r o p r i e t a r y  
by Wolverine Tube. 
Ext rus ion  of t h e  remaining T-111 a l l o y  tube hollows i s  now scheduled 
f o r  t h e  week of May 2, 1966 and de l ive ry  of t h e  f in i shed  3/8-inch OD and 
1-inch OD tubes i s  scheduled f o r  t h e  week of June 6, 1966. 
The EB melt ing of a fou r th  T-111 a l l o y  ingot  (No. 111-D-1104) w a s  
completed a t  Fans t ee l  Me ta l lu rg ica l  Corporation the  week of February 20, 1966 
and vacuum arc melt ing o f  t h i s  ingot  was completed at Universal  Cyclops S t e e l  
Corporat ion on March 7, 1966. The ingot was machined t o  8.44 inches  i n  
d i a m e t e r ,  cu t  i n t o  two equal  lengths  and shipped to  Canton Drop Forging 
Company f o r  ex t rus ion .  The two b i l l e t s  were canned i n  Type 304 SS seamless 
p ipe  by h e l i a r c  welding a n d  extruded on March 23, 1966. 
parameters are presented i n  Table V. A f t e r  ex t rus ion ,  t h e  cans w e r e  removed 
ana t h e  two b i l l e t s  were conditioned f o r  r o l l i n g  a t  Braeburn A l l o y  S t e e l  
Div is ion  of Continental-Copper and S t e e l  I n d u s t r i e s  Incorporated t h e  week of 
A p r i l  24, 1966. 
The ex t rus ion  
The ex t rus ion  of t h e  fou r th  ingot  r e su l t ed  i n  a y i e ld  lower t h a n  an t i c i -  
pated;  t he re fo re ,  t h e  2-inch and 3.125-inch d i a m e t e r  rod, 1-inch x 2-inch bar  
and 2.25 OD hollows w i l l  be made from a f i f t h  ingot  which i s  scheduled f o r  
EB mel t ing  t h e  week of A p r i l  25, 1966. Del ivery of t h i s  material i s  expected 
t h e  week of J u l y  11, 1966. 
I 24.1 Mo-TZC Alloy - Climax,Molybdenum Company. The 6-inch d i a m e t e r  Mo-T!ZC 
a l l o y  ingot'') w a s  turned t o  5.85-inch diameter  for ex t rus ion  a t  DuPont. The 
ingo t  w a s  induct ion  heated t o  3180°F i n  argon atmosphere and e x t r u d e d  through 
a 3-inch I D ,  Z r 0 2  coated conica l  d i e .  
Table V I .  A s  t h e  r e s u l t  of severe d i e  wash, t h e  ex t rus ion  diameter  w a s  close 
The ex t rus ion  parameters are shown i n  
Advanced Refractory Alloy Corrosion Loop Program, Quar te r ly  Progress  
Report N o .  3 f o r  Per iod Ending January 15, 1966, NASA Contract  NAS 3-6474, 
NASA-CR-54911, February 3, 1966, p. 8. 
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TABLE: V. EXTRUSION PARAMETERS FOR THE 8.44-INCH DIAMETER MACHINED 
~ - i i i  ALLOY INGOTS* 
Machined ingot  s i z e  - 8.44-inch diameter 
Can s i z e  
Leader block/ 
Fo 1 l o w  -up block 
- 9-1/16-inch OD x 1/4-inch t h i c k  w a l l  Type 304 
SS seamless pipe wi th  a 2-inch t h i c k  Type 304 
SS nose block and a 1/2-inch t h i c k  Type 304 SS 
back-up block zontzined wi th in  t h e  can 
- 9-1/16-inch diameter  x 6-inch long m i l d  s t e e l  
Container  s i z e  - 9-1/4-inch I D  
D i e  size/Design - 5-1/8-inch ID/conical 
D i e  coa t ing  - None 
Ex t rus ion  rat i o  - 3.2/1 
Lubr i cant - H o t  d i e  g rease  s i m i l a r  t o  F iske  604 
- 2300°F/75 minute Furnace temperature/  
Soak t i m e  i n  salt  ba th  
r 
Ext rus ion  pressure  
(Hyd rau  1 i c 1 
Maximum al lowable 
p re s su re  
-2 
a2100 p s i  peak 
13 2000 p s i  run out  
- 3850 p s i  
Cooling procedure - A i r  cooled 
* 
Extruded at Canton Drop Forging Company, Canton, Ohio, on March 23, 1966. 
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I -  TAB= VI. EXTRUSION PARAMETERS FOR THE 5.85-INCH 
DIAMETER MACHINED MO-TZC ALLOY INGOT* 
Billet size - 5.85-inch diameter 
Container size - 6.0-inch ID 
Die size/Design - 3.0-inch ID/90° conical 
Die coating - zro2 
Extrusion ratio - 3.811 
Lubricant - Billet coated with 7052 glass; glass lubricated 
with Fiske grease. Die lubricated with 7052 
glass powder and a glass-wool pad. 
Billet temperature - 3180°F (induction heated in argon) 
126,000 psi peak 
115,500 psi run out Extrusion pressure - 
Cooling procedure - Air cooled to 1700OF; cooled in Sil-O-Cel from 
1700°F to room temperature. 
* 
Extruded at E.I. du Pont de Nemours & Company, Inc., Baltimore, 
Maryland, on February 2, 1966. 
-14- 
to 3-1/8-inch. Also, there appeared to be a loss of lubrication on one side 
of the extrusion which resulted in a series of transverse surface cracks along 
the unlubricated surface. These cracks were successfully removed during sub- 
sequent conditioning of the billet for rolling at Hoskins Corporation, 
Detroit, Michigan. 
The results of recrystallization studies of longitudinal samples from 
the mid-radius of the extruded billet are summarized in Table VII, Although 
an annealing temperature of 3400'F resulted in an essentially recrystallized 
structure, metallographic examination revealed continuous films of Mo2C at 
the grain boundaries. 
one hour also exhibited some Mo2C in the grain boundaries. Since the presence 
of Mo2C in the grain boundaries is not a desirable condition for subsequent 
working operations, the post-extrusion heat treatment was limited to a stress- 
relief anneal at 3000°F for one hour in vacuum. A solution anneal at tempera- 
tures on the order of 3750'F was not employed because of possible grain growth 
and the fact that only a 52% reduction is required to reach the final size of 
2-inch diameter. 
Similarly, the sample which was heated at 3200'F for 
On March 16, 1966, the conditioned and stress relieved Mo-TZC alloy 
billet was successfully rolled by Hoskins Corporation, Detroit, Michigan, to 
2-1/8-inch diameter rod. The 
2-inch diameter rod was machined from a portion of the rolled rod and testing 
of this material was completed. Shipment of the 2-inch diameter rod is sched- 
uled for April 18, 1966. The remaining 2-1/8-inch diameter rod is scheduled 
for rolling to 1-inch diameter by Climax Molybdenum Company, Coldwater, 
Michigan on April 21, 1966. 
A rolling temperature of 2400'F was utilized. 
3.2 Ma-TZC Alloy - General Electric, LMCD. The 1-3/8-inch thick x 2.0-inch 
wide x 7.0-inch long Mo-TZC alloy plate produced from heats 4451 (M92) and 4453 
(M97) was received on January 27, 1966. The chemical. i u 1 d 3 ; ~ c z  cf t h o  rolled 
plate, as supplied by GE-LMCD, are shown in Table VI11 and the mechanical 
properties are presented in Table IX. 
The five bars of Mo-TZC alloy, measuring 3/4-inch thick x 3/4-inch wide 
x 7.0-inch long, produced from heat No. 4454 were received on February 21, 1966. 
-15- 
I -  TABLE VI1 . RECRYSTALLIZATION(1) OF 3-1/8-INCH DIAMETER 




Number % Recrvstallization 
~ 
As -ext ruded 232 10 
2800 240 15 
3000 236 15 
3200 229 25 
3400 20 1 98 
Conducted by the Climax Molybdenum Company of Michigan, Ann Arbor, 
Michigan. 
(2) Extruded at E.I. du Font de.!Nemours & Company, Inc., Baltimore, Maryland, 
February 2, 1966, in 6.0-inch OD container--ingot diameter 5.85- 
inches. 





Chemical Heat No. 4451 (M92) Heat No. 4453 (M97) 















































1.3 % 1.4 % 
0.19% 0.20% 


































































Analyses performed by GE-LMCD 
Samples obtained from rolled 1-3/8-inch thick plate. Ti and Zr 
determined by wet chemistry. 
C determined by conductometric techniques. 0, N ,  H determined 
by vacuum fusion. 
Other metallics analyzed by spectrographic techniques. 
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The chemical ana lyses  of t h e  r o l l e d  b a r  as 
Table X, and t h e  mechanical p rope r t i e s  are 
suppl ied by GE-LMCD, are shown i n  
presented i n  Table X I .  
4 .  Cb-132M Alloy - Universal  C y c l o p s  S t e e l  Corporat ion,  A second Cb-132M 
--ll__l- ___ 
a l l o y  ingot  w a s  double EB melted and t r i p l e  vacuum arc melted by Wah Chang 
Corporat ion t o  r ep lace  t h e  o r i g i n a l  ex t rus ion  t h a t  had cracked dur ing  t h e  
s t r a i g h t e n i n g  opera t ion  a t  Universal  Cyclops S t e e l  Corporat ion.  The ingot  
has  been canned i n  molybdenum and is  scheduled f o r  ex t rus ion  a t  DuPont on 
A p r i l  20 ,  1966. 
B. ALKALI METAL PURIFICATION AND HANDLING 
The 35-pound capac i ty  l i t h ium hot  t r a p  and t h e  vacuum-argon system were 
i n s t a l l e d  on t h e  p u r i f i c a t i o n  d o l l y .  The hot  t r a p  w a s  outgassed p r i o r  t o  
f i l l i n g ,  at temperatures  up t o  1500°F over  a two-week per iod.  A t  500°F, 
fol lowing t h e  outgass ing  opera t ion ,  p re s su re  w a s  4 x t o r r ,  and t h e  gas 
evo lu t ion  rate w a s  w e l l  below one mic ron- l i t e r  pe r  hour. 
The ho t  t r a p  w a s  f i l l e d  with 29 pounds of l i t h ium f i l t e r e d  a t  400°F from 
the  sh ipping  con ta ine r .  The Mine Safe ty  Appliance Research Corporat ion l e v e l  
probe w a s  used i n  l o c a t i n g  the  l i th ium l e v e l  and proved t o  be very  s e n s i t i v e  
and reproducib le .  Subsequently, the l i t h ium w a s  hot  trapped f o r  126 hours  a t  
1500'F and then sampled. Nitrogen ana lyses  ind ica ted  concent ra t ions  o f :  11, 
10, 5 and 3 ppm. Analyses of t h e  hot  trapped l i t h ium f o r  carbon, oxygen and 
m e t a l l i c  elements i s  i n  progress .  
The Cb-1Zr tubing received f o r  t h e  thermocouple and l e v e l  probe we l l s  
f o r  t h e  l i t h i u m  s t i l l  r ece ive r  was r e j e c t e d  due  t o  c racks  ind ica ted  by u l t r a -  
son ic  and v i s u a l  i n spec t ion .  The tub ing  has been reordered.  Fabr i ca t ion  of 
o t h e r  components of t h e  p u r i f i c a t i o n  system w i l l  be i n i t i a t e d  while  t he  tubing 
i s  being replaced.  
The drawings f o r  t h e  a l k a l i  metal  p u r i f i c a t i o n  and handl ing sys t ems  have 
been submitted to  the  NASA Program Manager f o r  f i n a l  approval.  
-19- 
TABLE X. CHEMICAL ANALYSES(1) OF Mo-TZC ALLOY HEAT NO. 4454 
PRODUCED BY GENERAL ELECTRIC-LMCD 
Chemical 
























(2) Locat ion 
Nose Tai 1 
1.4 % 1.4 % 
0.21% 0.21% 










































Analyses performed by GE-LMCD. 
Samples obtained from rolled 3/4-inch thick plate. Ti and 
Zr analyzed by wet chemistry. 
C determined by conductometric techniques. 0, N, H analyzed 
by vacuum fusion. 
Other metallics analyzed by spectrographic techniques. 
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C. QUALITY ASSURANCE 
1. Spec i f i ca t ions .  Spec i f i ca t ions  f o r  welding and post-weld vacuum 
annealing of T-111 a l l o y ,  SPPS NO. 03-0025-00-A and SPPS No, 03-0037-00-A, 
r e s p e c t i v e l y ,  were i s sued  a f t e r  approval by t h e  NASA Program Manager. 
s p e c i f i c a t i o n ,  SPPS No. 03-0021-00-A, o u t l i n i n g  t h e  cleaning and handling 
procedures t o  be  used f o r  t h e  Corrosion Loop I (T-111) components and assem- 
b l i e s  w a s  completed and submitted t o  t h e  NASA Program Manager f o r  approval. 
S p e c i f i c a t i o n s  f o r  t h e  i n s t a l l a t i o n  and t h e  c a l i b r a t i o n  of tungsten-rhenium 
thermocouples, SPPS No. 03-0019-00-A and SPPS No. 03-0020-00-A, r e s p e c t i v e l y ,  
have been issued.  
A new 
. 2. B i m e t a l l i c  J o i n t s .  T-111 a l l o y  t o  Type 316 SS j o i n t s  are r equ i r ed  
on t h e  NaK l i n e s  of t h e  s l a c k  diaphragm pres su re  t ransducers .  
groove j o i n t  equ iva len t  t o  those  used f o r  Cb-1Zr t o  Type 316 SS j o i n t s  on t h e  
Prototype Corrosion Loop w a s  machined and brazed a t  2160°F i n  accordance with 
s p e c i f i c a t i o n  SPPS No. 03-0008-00-B. J o i n t  eva lua t ion  cons i s t ed  of metallo- 
g raph ic  examination and hardness determinations.  
A tongue-in- 
The mic ros t ruc tu re  of t h e  brazed j o i n t  i s  shown i n  Figure 4 .  Although 
e x c e l l e n t  braze a l l o y  flow w a s  evident, i t  w a s  observed t h a t  a s e p a r a t i o n  
occurred along t h e  ou t s ide  diameter of t h e  s t a i n l e s s  s teel  tongue, an area 
which i s  under t e n s i l e  stress as a r e s u l t  of d i f f e r e n t i a l  con t r ac t ion  during 
cooling. It w a s  n o t  p o s s i b l e  t o  determine t h e  exac t  cause of t h i s  s epa ra t ion .  
It could have occurred during cool-down from t h e  brazing cyc le  o r  during t h e  
s e c t i o n i n g  f o r  metal lographic  examination. I n  t h e  l a t te r  case, j o i n t  "hoop" 
stresses are re l eased  by c u t t i n g ,  poss ib ly  allowing t h e  T-111 a l l o y  member 
t o  revert t o  i t s  o r i g i n a l  unstressed state. The more l i k e l y  cause of t h i s  
s e p a r a t i o n ,  which w a s  no t  observed f n  similar Cb-1Zr a l l o y  t o  s t a i n l e s s  s teel  
j o i n t s ,  involves  t h e  h ighe r  s t r eng th  of T-111 a l l o y  as compared t o  Cb-1Zr. 
I n  t h i s  case, f a i l u r e  a t  t h e  braze i n t e r f a c e  mignz: occui 2iistczd -f defnma-  
t i o n  of t h e  T-111 a l l o y  member. It  is  planned t o  conduct a d d i t i o n a l  b raz ing  
t r ia ls  t o  r e so lve  t h e s e  u n c e r t a i n t i e s  when a d d i t i o n a l  T-111 tubing i s  ob- 
ta ined.  It is  a n t i c i p a t e d  t h a t  minor adjustments i n  brazing procedure and 





I -  
The hardness t r a v e r s e  a c r o s s  t h e  braze j o i n t ,  shown i n  Figure 5, i n d i -  
cated t h a t  no unusual i n t e r a c t i o n s  had occurred between t h e  braze a l l o y  and 




3. T-111 t o  Cb-1Zr Alloy Welding. Corrosion Loop I (T-111) w i l l  
u t i l i z e  t h e  Cb-1Zr surge tanks which were used i n  t h e  Prototype Corrosion 
Loop system. The t r a n s i t i o n  t o  T-111 a l l o y  w i l l  occur between t h e  T-111 
a l l o y  loop f i l l  tubes  and t h e  Cb-1Zr a l l o y  surge tanks.  Although t h e  welding 
requirements f o r  t h e  T-111 and Cb-1Zr a l l o y s  are q u i t e  similar, t h e  s e l e c t i o n  
of a w e l d  f i l l e r  w i r e  and post-weld annealing treatment required a b r i e f  
welding study. Tungsten i n e r t  gas welds were made i n  both 0.040-inch and 
0.080-inch t h i c k  s h e e t s  of T-111 and Cb-1Zr materials t o  provide samples 
required f o r  t h e  s t u d y  of weldment bend c h a r a c t e r i s t i c s  a f t e r  exposure t o  
va r ious  post-weld thermal cyc le s .  Those w e l d s  between t h e  0.040-inch t h i c k  
sheet  w e r e  made by t h e  automatic w e l d  process without f i l l e r  a d d i t i o n s ,  while  
those between t h e  0.080-inch s tock  were made by t h e  manual process  using 
e i t h e r  Cb-1Zr o r  T-111 f i l l e r  material. One- and two-hour post-weld anneal ing 
t r ea tmen t s  at 2200°F, 2300'F and 2400°F were performed on s e v e r a l  automatic 
w e l d  samples, while a d d i t i o n a l  samples were aged a t  1500'F f o r  50 hours a f t e r  
welding. Other samples of t h e s e  automatic w e l d s  were then exposed t o  both 
t h e  va r ious  anneal ing t reatments  and t h e  1500'F age t reatment .  Subsequent 
bend t e s t i n g  ( 1 T  bend r a d i u s )  a t  room temperature and -lOO°F ind ica t ed  t h a t  
optimum w e l d  s t a b i l i t y  w a s  associated with the  2300'F and 2400'F t reatments ,  
as shown i n  Table XII. Hence, these overaging temperatures were selected for 
post-weld treatments on t h e  manual w e l d  samples. Samples of t h e  manual w e l d s  
w e r e  given one-hour h e a t  t reatments  a t  2300'F and 2400°FJ aging t reatments  
of  1500'F f o r  50 hours,  while  o t h e r s  were both overaged and reaged a t  t h e s e  
t i m e s  and temperatures.  The bend d a t a  (Table XII) f o r  t hese  w e l d s  pointed 
out t h a t  t n e  seiecteu" p,--t--.reld annealing t reatments  success fu l ly  s t a b i l i z e d  
those  w e l d s  prepared wi th  Cb-1Zr f i l l e r ;  while samples made wi th  T-111 f i l l e r  
w e r e  s t i l l  sub jec t  t o  a d d i t i o n a l  aging during t h e  1500°F/50-hour reage cycle .  
Hardness t e s t i n g  w a s  a l s o  performed on selected samples t o  provide a d d i t i o n a l  
c l a r i f i c a t i o n  of t h e  bend test r e su l t s .  The hardness d a t a  obtained are a l s o  
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I n  summary, t h e  necessary j o i n t  between the  Cb-1Zr surge tank and t h e  
T-111 f i l l  l i n e s  may be made by manual TIG welding techniques,  us ing  Cb-1Zr 
a l l o y  as f i l l e r  material. Post-weld annea l ing  a t  2300-2400'F f o r  1 hour has 
been shown t o  produce good thermal s t a b i l i t y  and exce l l en t  room temperature 
d u c t i l i t y  of t h e  we ldmen t s .  
4. Thermocouple C i r c u i t r y .  The Pro to type  Corrosion Loop thermocouple 
c i rcu i t ,  shown i n  Figure 6 ,  included a thermocouple re ference  block loca ted  
i n s i d e  t h e  vacuum chamber; thereby reducing t h e  required l eng th  of t he  high 
cost tungsten-rhenium w i r e .  Copper w i r e  w a s  s u b s t i t u t e d  t o  complete t h e  
thermocouple c i r c u i t  from t h e  re ference  junc t ion  block t o  t h e  mul t ipo in t  
record ing  potent iometer .  Each loop temperature  measurement, us ing  t h i s  cir- 
c u i t r y ,  required t h e  manual add i t ion  of a c o r r e c t i o n  f a c t o r  a s soc ia t ed  wi th  
t h e  temperature  of  t h e  re ference  junc t ion  block i n s i d e  t h e  vacuum chamber. 
The proposed c i r c u i t  fo r  Corrosion Loop I (T-111) incorpora tes  a thermo- 
e lectr ical ly  cooled, ice poin t  c a l i b r a t i o n  s tandard and au tomat ica l ly  a d d s  
t he  r e fe rence  junc t ion  block temperature co r rec t ion  f a c t o r ,  thereby d i r e c t l y  
record ing  t h e  loop temperatures (Figure 6 ) .  
D. UJOP DESIGN 
The major po r t ion  of t h e  Corrosion Loop I (T-111) design drawings have 
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Figure 6 .  Corrosion Loop Thermocouple C i rcu i t ry .  
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IV. FUT[JRE PLANS 
A. Monitoring the fabrication of refractory alloy materials for Corrosion 
Loop I (T-111) will continue with special emphasis placed on meeting the new 
schedules. 
B. Fabrication of the Lithium Metal Purification and Handling System for 
Corrosion Loop I (T-111) will continue. 
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